Higher steryl ester biosynthetic activities were obtained with Triton X-100-phosphatidyicholine-cholesterol mixed micelles than with Tween 80-phosphatidylcholine-cholesterol mixed micelles when incubated with spinach leaf (Spinacis oleracea L.) acetone powder preparations. The best incorporation of 14-4Clcholesterol into 14-4Clcholesteryl ester was obtained with a Triton X-lO0-phosphatidylholie-cholesterol (10:1:, w/w) mixed micele system. This mixed miceUe system, however, required 1,2-dipalmitin and fatty acid-free bovine albumin for optimal activity. The reaction exhibited a diglyceride specificity since the dipalmitin requirement could be replaced with neither 1-monopalmitin nor tripalmitin. Significant amounts of steryl ester biosynthetic activity were detected in the chloroplast (1,OOOg pellet), mitochondrial (3,000g peUlet), and microsomal (20,000g and 88,000g pellet) fractions. Little activity was detected in the water-soluble (88,OOOg supernatant) fraction. The highest specific activity occurred in the 88,000g pelet. The 88,OOOg supernatant contained a heatstable, water-soluble substance that was required for optimal steryl ester biosynthesis in al of the peUet fractions. This factor was not lost during extensive dialysis but was destroyed by ashing, indicating that it was large and organic. Silver nitrate thin layer chromatography indicated that 60% of the biosynthesized steryl esters contained saturated fatty acids in the absence of 1,2dipalmitin and that 83% contained saturated fatty acids in the presence of 1,2-dipalmitin.
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The highest concentration of free sterols (3, 7, 13) , steryl glucosides (7, 8, 13) , acylated steryl glucosides (7) , and steryl esters (7, 13) occurs in the microsomal fraction of plants. The second highest concentration occurs in the mitochondrial fraction. The nuclear and the chloroplast fractions are the poorest phytosterolcontaining subcellular organelles. The distribution of these phytosterols in the microsomal fraction of various plants and plant tissues, however, is quite different. The phytosterol distribution in the microsomal fraction of potato tubers is 14 to 20%7o free sterols, 26 to 39% steryl glucosides, 30 to 48% acylated steryl glucosides, and 6 to 17% steryl esters (7) , whereas their distribution in the microsomal fraction of tobacco leaves is 11% free sterols, 3% steryl glucosides + acylated steryl glucosides, and 86% steryl esters (13) .
Recently, Forsee et al. (9, 10) have successfully used Triton X-100-phosphatidylcholine-sitosterol mixed micelles to study the biosynthesis of steryl glucosides in developing cotton seeds. They showed that the 20,000g pellet fraction catalyzed the synthesis of both steryl glucosides and acylated steryl glucosides when incubated with labeled UDP-glucose. There are no reports on the subcellular localization of steryl ester biosynthesis in plants. This 'Supported by a predoctoral National Science Foundation Traineeship. Acetone Powder Preparation. The acetone powder of the 20,000g pellet fraction was prepared as described previously (I 1).
Acetone-Ether Powder Preparation. Approximately 350 mg of dried acetone powder of the 20,000g pellet fraction was resuspended in 7 ml of 0 C 100 mm MES-NaOH (pH 6) and homogenized to uniformity with a Potter-Elvehjem homogenizer. The acetone powder suspension was slowly added to 70 ml of rapidly stirred acetone at 0 C. The precipitated protein was allowed to settle for 5 min before centrifuging at 10,000g for 10 min at 0 C. The acetone-aqueous supernatant was discarded and 70 ml of anhydrous diethyl ether at 0 C was added to the pellet. The precipitated protein was extensively triturated and then recentrifuged at 10,000g for 10 The Triton X-100-cholesterol (10:1, w/w), Triton X-100-phosphatidylcholine-cholesterol (20:1:1, w/w), and Triton X-100-phosphatidylcholine-cholesterol (20:3:1, w/w) mixed micelles were prepared in a manner similar to that already described. The Triton X-100 mixed micelles that contained 1-monopalmitin and tripalmitin contained either 0. Isolation of Subcelular Organelles. Approximately 50 g of washed spinach leaves were finely minced with a food chopper, homogenized in 100 ml of homogenizing buffer (450 mm sucrose, 10 mm MES-NaOH, 1 mM EDTA, pH 6) with a 4-sec burst in a Waring Blendor, and filtered through four layers of cheesecloth. These and all subsequent steps were done at about 0 C. The filtrate was centrifuged at 250g for 2 min and the pellet was discarded. The subceliular fractions were obtained by differential centrifugation at l,000g for 5 min, 3,000g for 15 min, 20,000g for 30 min, and 88,000g for 60 min. All of the pellet fractions were resuspended in 100 mM MES-NaOH (pH 6) at 0 C and homogenized to uniformity with a Potter-Elvehjem homogenizer. The volumes used were 12 ml for the 1,000g P, 8 ml for the 3,000g P and 20,000g P, and 4 ml for the 88,000g P.
Reaction Mixtures for Subcellular Localzation Studies. The standard Triton X-100-phosphatidylcholine-dipalmitin-cholesterol (10:1:1:1, w/w) mixed micelle assay for steryl ester biosynthesis contained 70 mm MES-NaOH (pH 6), 100,000 cpm [4-'4CJ cholesterol (56 mCi/mmol), 75 AM cholesterol, 52 iLM 1,2-dipalmitin, 40 AM phosphatidylcholine, 0.48 mm Triton X-100 (0.3 mg/ml), 0.1 ml of the previously described subcellular fraction, except the 88,000g supernatant where 0.2 ml was used, and water to make a final volume of 1 ml. All other procedures were as described for the mixed micelle studies.
AgNO3 TLC. The [4-4Clcholesteryl esters were separated depending upon their degree of unsaturation by developing Silica Gel G TLC plates impregnated with 5% (w/w) AgNO3 in benzenehexane (1:1, v/v) as described by Goodman et al. (12) and by Morris (15). The radioactive areas were detected by their cochromatography with standards (cholesteryl palmitate, cholesteryl oleate, cholesteryl linoleate, and cholesteryl linolenate), scraped onto filter paper, eluted with CHC13 into scintillation vials, and air-dried. The samples were then counted as described previously (11) .
Analytical Methods and Other Procedures. Protein was determined by the method of Lowry et al. (14) . Chlorophyll was determined by the method of Amnon (1). The ashing procedure was as described by Ballentine and Burford (2) . The electron microscopy procedure was as described by Swanson et al. (19) .
RESULTS
Determination of Optimal Micelle Composition. Both Triton X-100 and Tween 80 inhibited steryl ester biosynthesis at concentrations of 0.1% (w/v) or higher. Table I compares Tween 80 mixed micelles and Triton X-100 mixed micelles as substrates for steryl ester biosynthesis. The best mixed micelle substrate for steryl ester biosynthesis was Triton X-100-phosphatidylcholine-cholesterol (10:1:1, w/w). This mixed micelle, therefore, was selected as the standard method by which to introduce lipid substrates to acetone powder preparations or subcellular homogenates.
Time Course for Acetone-Ether Powder Preparation. Figure I is a time course for [4-'4CJcholesteryl ester biosynthesis in the presence or absence of 1,2-dipalmitin. Dipalmitin nearly doubled steryl ester biosynthesis. There was a much greater dependence upon dipalmitin in these acetone-ether powder preparations than in the acetone powder preparations. The diethyl ether extraction evidently removed more of the endogenous lipids, which made the assays more dependent upon 1,2-dipalmitin. In both plots ( Fig. 1) , there was a lag for the initial 5 min, after which they were linear until 20 min. Table  IV clearly indicate that steryl ester biosynthesis was particulate. The soluble fraction (88,000g supernatant) was the poorest subcellular fraction for steryl ester biosynthesis. The 88,000g pellet fraction had the highest specific activity, and the 20,000g pellet fraction had the highest total units.
Identification of Subcellular Fractions. The subcellular organelle identification of the various subcellular fractions was determined by electron microscopy. The 1,000g pellet contained mostly intact chloroplasts. Stripped chloroplasts and a few mitochondria were also present in this fraction. The 3,000g pellet contained mostly mitochondria, but broken chloroplasts, microbodies, and RER were also evident in this fraction. The 20,000g pellet contained mostly RER. Broken chloroplast and mitochondria were also present in this fraction. The 88,000g pellet was almost entirely ribosomes (polyribosomes and free ribosomes) and membrane vesicles. The reaction mixtures and experimental procedures were as described for the subcellular localization studies under Materials and Methods. All assays contained 90 mM sucrose. The incubation time was 10 min. Digitonin was added to the designated assay in absolute ethyl alcohol so that the final concentration was 0.15 mM digitonin and 3Z (v/v) ethyl alcohol. 
DISCUSSION
Triton X-100-phosphatidylcholine-sitosterol mixed micelles have been used to study the biosynthesis of steryl glucosides in cotton seeds (9, 10) . Dennis (6) has reported that all of the phospholipid occurs as mixed micelles when the molar ratio of Triton X-l00-phospholipid is above 2:1. The Triton X-100-phosphatidylcholine-cholesterol (10:1:1, w/w) and Triton X-100-phosphatidylcholine-l12-dipalmitin:cholesterol (10:1:1:1, w/w) substrates had Triton X-100 to lipid molar ratios of about 4:1 and 3:1, respectively. Therefore, all of the lipids in these substrates probably existed as mixed micelles. The diglyceride specificity obtained with the Triton X-100-phosphatidylcholine-1,2-dipalmitin-cholesterol (10:1:1:1, w/w) mixed micelle lessens the possibility that this stimulation was only a function of the smaller Triton X-100 to lipid molar ratio for this mixed micelle.
These Triton X-100 mixed micelle studies indicate that they can be used in the study of Evidently, all of the subcellular organelles in tobacco were able, at least, to accumulate steryl esters. If BSA or if boiled 88,000g supernatant or if both were omitted from the spinach leaf assays, the subcellular distribution for steryl ester biosynthesis was always similar to that outlined in Table IV . The only noticeable difference was that the total units and the specific activities were much smaller in those subcellular fractions in which BSA and boiled 88,000g supernatant were excluded. Only the 20,000g pellet fraction was tested for a 1,2-dipalmitin requirement. This fraction indicated that exogenous 1,2-diglyceride was required for optimal steryl ester biosynthesis. The 20,000g pellet fraction, however, exhibited only a partial dependence for 1,2-dipalmitin (Tables III and V) . This could mean that significant amounts of 1,2-diglycerides were produced in this fraction. Although all of the assays in the subcellular localization studies contained 1,2-dipalmitin, the ability of a subcellular fraction to synthesize large quantities of 1,2-diglycerides may have had a favorable effect on its steryl ester biosynthetic capabilities compared to a fraction that was not able to synthesize them. This would be particularly evident if the enzyme preferred the heterogeneous fatty acid composition ofthe endogenous 1,2-diglycerides.
There are no experimental data available as to the identity of the water-soluble, heat-stable substance in the 88,000g supernatant. It was not dialyzable and it was destroyed by ashing. This shows that it was large and organic. Several possibilities could account for these experimental observations. One is the acyl carrier protein. Spinach leaf acyl carrier protein is heat-stable and has a mol wt of 9700 (18) . Renkonen and Bloch (17) have shown that acyl carrier protein thioesters act as acyl donors in the synthesis of monogalactosyl diglyceride in extracts from Euglena gracilis. It is conceivable that steryl ester biosynthesis may have involved the transfer of an acyl moiety from acyl carrier protein to free sterol. Another possibility is a lipid and/or protein cofactor requirement. Ory (16) has reported that castor bean acid lipase is a threecomponent system consisting of the apoenzyme, a lipid cofactor (a cyclic tetramer of ricinoleic acid), and a protein activator (a small, heat-stable glycoprotein). Although many enzymes are known to have a lipid cofactor requirement (5), the possibility of significant amounts oflipid in the water-soluble fraction is remote.
